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Dark Matter candidates are natural in Technicolor theories. We introduce a general framework 
allowing to predict signals of Technicolor Dark Matter at colliders and set constraints from earth 
based experiments such as CDMS and XENON. We show that the associate production of the 
composite Higgs can lead to relevant signals at the Large Hadron Collider. 



Decaying Dark Matter (DM) models [l[ find a natural 
setting within recent Technicolor (TC) extensions of the 
Standard Model (SM) summarized in [2j. The way to the 
new phcnomenologically viable TC models was opened in 
Q and the conjectured beta function for nonsupersym- 
metric gauge theories Q is a useful tool to further enlarge 
the number of TC models [B| . In these models the light- 
est technibaryon can be identified with the DM candidate 
[fil, 0, El • In 1H it was shown that decaying DM models 
can fit the excess of Cosmic Ray spectra measured by 
PAMELA and ATIC lQ]. These experimental results 
are in agreement with other recent observations [ll], [12] • 
What is encouraging is that decaying DM models able to 
explain the PAMELA and ATIC excess are also in nat- 
ural agreement with the constraints from the spectrum 
of gamma rays [l[ studied by the HESS collaboration 
[13 , 14 1 . The latter poses a challenge for single com- 
ponent DM models where the relic density is due to an 
annihilation cross section [TR it was ob- 

served that the decay rate for the DM is consistent with 
a Grand Unified picture within TC models [3]. A simi- 
lar observation has been made in [lit f° r supersymmetric 
extensions of the SM. 

Here we provide the first investigation of the col- 
lider phenomenology coming from the dark sector of new 
strongly coupled dynamics. Since the PAMELA and 
ATIC observations could still have an astrophysical ori- 
gin we consider a more general parameter space especially 
relevant for LHC phenomenology. 

We indicate with TIMP a generic Technicolor Inter- 
acting Massive Particle which is stable at low energies. 



Examples are the lightest technibaryon as well as any 
other composite state protected against decay by a sym- 
metry. These states occur, for example, in Ultra Minimal 
Walking Technicolor (UMT) Other DM candidates 



related to TC have been investigated in [20|, l21| . Assum- 
ing that one of the TIMPs is the DM particle, then con- 
straints from CDMS ^ and XENON [H - under the 
assumption of a single component DM - strongly favor 
TIMPs which are overall neutral under the electroweak 
interactions. 

We identify the TIMP with a complex scalar 0, sin- 
glet under the SM interactions, charged under the U(l) 
technibaryon symmetry of a generic TC theory. For ex- 
ample UMT includes such a state [f|. The main differ- 
ences with other models featuring an extra U(l) scalar 
DM are: i) The U(l) is natural, i.e. it is identified with 
a technibaryon symmetry; ii) Compositcncss requires the 
presence around the electroweak scale of spin one reso- 
nances leading to striking collider signatures; iii) The DM 
relic density is naturally linked to the baryon one via an 
asymmetry. We also introduce a (light) composite Higgs 
particle since it appears in several strongly coupled theo- 
ries as shown in the Appendix F of Q . We consider only 
the TC global symmetries relevant for the electroweak 
sector, i.e. the SU(2) x SU(2) spontaneously breaking 
to SU(2). The low energy spectrum contains, besides 
the composite Higgs, two SU(2) triplets of (axial-) vec- 
tor spin one mesons. The effective Lagrangian, before 
including the TIMP, has been introduced in 0, in 
the context of minimal walking theories. Here we add 
the TIMP <t> with the following interaction terms: 
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The matrix M contains the composite Higgs and the pi- 
ons eaten by the electroweak bosons, 

M = i [v + H + 2 i T a ir a ] , (2) 



where v is the vacuum expectation value, and T a = 
2a a , a = 1,2,3, where a a are the Pauli matrices. 
A is a scale associated to the breakdown of the low 
energy effective theory and it is in the TeV energy 
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range. Cl m and Cr m are the electrowcak covariant 
linear combinations C Lai = A_^ T a - g/g W a T a and 

Cr m = A R/ , T a - g'/g B T 3 , where VT a and B are the 
electroweak gauge fields (before diagonalization). F_, Fr 
are the fields strength tensors associated to the vector 
meson fields and Ar m , respectively. The associated 
spin one mass eigenstates are indicated with R\ and i?2- 

Earth Based Constraints 

In earth based experiments the TIMP interacts with 
nuclei mainly via the exchange of a composite Higgs (the 
d,M term in the above Lagrangian) and a photon. The 
photon interaction was considered in [26| and it is due 
to a nonzero electromagnetic charge radius of 4>- Here 
we stress the relevance of the composite Higgs exchange. 
The Lagrangian term for the charge radius interaction is: 



(3) 



The result for the non-relativistic cross section per nu- 
cleon for scattering off a nucleus is: 
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with A the mass number, Z the atomic one and fi = 
M^,m^/(M ( f > + m^v). Here uln is the mass of the nu- 
cleon, and f ~ 0.3 parametrizes the Higgs to nucleon 
coupling [27|. The composite Higgs can be light in the- 
ories with higher dimensional representations 0, [28| as 
well as near-conformal TC models [29[. Similarly <j> can 
also be light These observations justify keeping both 
contributions for the cross section. 

In figure [T] we plot the cross sections for a reference 
value of M H = 300 GeV, A = 4irF TC ~ 3 TeV, d M = 1 
and ds = ±1. In the same plot we compare our curves 
with the CDMS (solid-thick-blue) and XENON (dashed- 
thick-bluc) exclusion limits. The long-dashed-blue line is 
the projected superCDMS exclusion curve [30l ]. 

At large the single photon exchange dominates and 
in this region, for the parameters chosen, the associated 
cross section is well below the experimental limits. At low 
values of the TIMP mass the Higgs exchange dominates 
and the experimental constraints become relevant. 

The deep around 500 GeV for the dashcd-black line is 
due to destructive interference between the Higgs and the 
single photon exchange terms. It is useful also to plot, in 
Fig. [U the CDMS exclusion limits in the d B — dM plane. 
We choose a 100 GeV TIMP and a mass of the composite 
Higgs of 300 GeV. The allowed region is the uncolored 
one. 

Collider Signals of Technicolor Dark Matter 

If the TIMP mass is of the order of a TeV, as expected 
in a traditional TC model, it will not be produced at the 
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FIG. 1: TIMP - nucleon cross section for djvr = 1, A = 3 
TeV, M H = 300 GeV and d B = ±1 as a function of the TIMP 
mass. The plus sign corresponds to the thin-solid-red line 
and the minus one to the thin-dotted-black line. Also plotted 
is the approximate exclusion limit from CDMS II Ge Com- 
bined (solid-thick-blue) and XENON10 2007 (dashed-thick- 
blue) . The long-dashed-blue line is the projected superCDMS 
exclusion curve. The allowed region is below the CDMS and 
XENON curves. 




FIG. 2: CDMS exclusion limit in the ds — du plane for a 
100 GeV TIMP with A = 3 TeV and M H = 300 GeV. The 
colored region is excluded. 



LHC. Interesting phenomenology at the LHC will occur, 
however, if the TIMP has a mass of the order of hundreds 
of GeVs. Models featuring such a light TIMP are, for 
example: i) Multi scale TC [3l| in which the TC scale is 
lowered with respect to the electroweak one; ii) Models 
in which the technibaryon is a pseudo Goldstone boson 

1- 

From the LHC point of view it is very interesting to 
explore the possibility of a TIMP lighter than the com- 
posite Higgs. A TIMP lighter than half of the Hig gs m ass 
will result in invisible decays of the Higgs itself [32|. A 
new ingredient with respect to earlier studies is consti- 
tuted by the interplay between the TIMP and the spin 
one resonances coming from the strong dynamics per se. 



We focus on the LHC process [33j, |34| shown in Fig. [3] 



VP 



ZH -> £+£-$ 



T ) 



(5) 



3 



where the missing transverse momentum (tf T ) signal 
arises from the invisible decay of the Higgs into (f>*(t>- 
In [i^] we have shown that the light composite Higgs 




FIG. 3: Feynman diagram for missing energy signal in a TC 
model with (axial-) vector resonances Ri : 2 and a TIMP (j>. 

production in association with a SM gauge boson is en- 
hanced when a light axial spin one state is also present 
in the low energy spectrum. Walkin g T echnicolor models 
can accommodate such a spectrum [24, 29], 35 1. 
The acceptance cuts relevant for LHC are 



\rf\ < 2.5 , Vt > 10 GeV , AR{£1) > 0.4 



(6) 



Here £ is a charged lepton, if and jf T are the pseudo- 
rapidity and transverse momentum of a single lepton 
while AR measures the separation between two leptons 
in the detector. AR is defined via the difference in az- 
imuthal angle A(j) and rapidity Arj between two leptons 
as AR = y/iAj]) 2 + (A</>) 2 . 

The main sources of background come from di-boson 
production followed by leptonic decays 



ZZ 



W + W~ 



e + v£-& , zw -> i + riv(7) 



where in the last process the lepton from the W decay is 
missed. 

We impose the additional cuts 
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M z \ < 10 GeV 



and 



< 2.5 
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The first is meant to reduce the WW background by re- 
quiring the invariant mass of the lepton pair to reproduce 
the Z boson mass. The second cut on the azimuthal angle 
separation together with taking large rf T reduces poten- 
tial backgrounds such as single Z production + jets with 



fake^ T [33l. |34| 



We generate the signal and ZZ as well as WW back- 
grounds using the LanHEP / CalcHEP [HEI]] implemen- 
tation of Lagrangian (JT|) which is an extension of [25| . 

The invisible branching ratios of the composite Higgs 
are summarized in Fig. 21 They depend on the coupling 
d M and the TIMP mass Afy. 

Finally in figure [5] we plot our predictions for pp — > 
ZH — ► £ + £~^ T . The peaks correspond to different values 
of the composite Higgs mass, i.e. 160, 300, and 450 GeV. 
In the left panel the peak associated with the 450 GeV 
Higgs is well inside the background and located at lower 
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FIG. 4: The invisible branching ratio of the Higgs into <j)* 
for d M = 1 and M H =160 (black), M H =300 (red) and M H 
450 (green). 



values of the transverse momentum. For comparison we 
plot the SM distribution for a 160 GeV Higgs Mass. We 
also show the WW and ZZ backgrounds for this signal, 
which are identical for SM and TC. The backgrounds and 
the SM signal are in agreement with the distributions 
presented in 34[ based on MadGraph. The two plots in 
Fig- HI correspond to two distinct values of the R\ (mostly 
axial state) mass . 

The TC signals in the plots assume a completely in- 
visible composite Higgs decay. To obtain the LHC signal 
one has to multiply each TC curve by the corresponding 
branching ratio plotted in Fig. 2J 

To make the plots in Fig. [5] we have chosen two refer- 
ence values of the axial vector mass R\ , ~ 500 and 
750 GeV as well as g — 5. For a light axial resonance 
such a relatively large value of g is favored by unitar- 
ity arguments [38|, [39J. We have shown in [24[ that it 
is possible to use the S parameter to get information on 
the vector versus axial spectrum in walking TC theories. 
This allows us to trade the vector mass for the value of 
Peskin-Takeuchi S parameter quoted in the plots. 

The results show that the combination of a light axial 
and composite Higgs yields a missing transverse momen- 
tum distribution from the ZH production which is sig- 
nificantly different from that in the SM, giving rise to a 
potentially neat signal of a TIMP at colliders. 

Summarizing, we investigated the constraints from 
earth based experiments on physically relevant TC type 
DM and for the first time investigated its potential for 
discovery at the LHC. 
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FIG. 5: pp — > ZH with Z — > e + e~ for three different values of the composite Higgs mass. On the x-axis we plot tf T assuming 
a completely invisible Higgs decay. Also shown (in the lower black curve) is the distribution arising from a SM Higgs with 
Mr = 160. The cuts are those in Eq. [|)]and[S] 
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